A Gram-stain-negative, rod-shaped, red-pigmented bacterium (MDT1-10-3 T ) was isolated from
closest phylogenetic relative. MK-7 was the predominant respiratory menaquinone. The major cellular fatty acids were summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B), summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c), C 17 : 1 v6c, iso-C 16 : 0 , iso-C 15 : 0 and C 16 : 1 v5c. The predominant polar lipids were phosphatidylethanolamine, two unidentified aminophospholipids, one glycolipid and four unidentified lipids. The G+C content of the genomic DNA was 49 mol%. On the basis of the phenotypic characteristics and phylogenetic analysis, strain T represents a novel species of the genus Rufibacter, for which the name Rufibacter glacialis sp. nov. is proposed. The type strain is MDT1-10-3 T (5CGMCC The genus Rufibacter was originally created by Abaydulla et al. (2012) , and comprises aerobic Gram-stain-negative, catalase-and oxidase-positive, non-spore-forming bacteria. Menaquinone-7 (MK-7) is the major respiratory menaquinone and phosphatidylethanolamine is the predominant polar lipid of the genus Rufibacter. The genus comprises, at the time of writing, three recognized species (Abaydulla et al., 2012; Polkade et al., 2015; Zhang et al., 2015) . During a study of bacterial diversity on glaciers in China, a strain producing red colonies (MDT1-10-3 T ) was isolated from soil collected from Midui glacier, Tibet, China. In this study, we describe the morphological, biochemical and phylogenetic characteristics of strain MDT1-10-3 T , employing the closely related type strains Rufibacter immobilis CCTCC AB 2013351 T and Rufibacter tibetensis CCTCC AB 208084
T as reference strains in parallel tests for phenotypic and fatty acid analysis. The reference strains were obtained from the Chinese Centre for type Cultures Collections.
Strain MDT1-10-3 T was isolated using R2A agar at 14 8C and stored at 280 8C in 20 % (v/v) glycerol. Colony morphology was observed on R2A agar after incubation at 20 8C for 5 days. Growths at different temperatures (4, 14, 18, 20, 22, 25, 30 8C) , different NaCl concentrations [0-4 % (w/v), at intervals of 1 %] and different pH (4.0-12.0, at intervals of 1.0 pH unit) were examined in R2A broth. The R2A broth used to test pH range was adjusted by using the biological buffers Na 2 HPO 4 / NaH 2 PO 4 (for pH 4-8) and Na 2 CO 3 /NaHCO 3 (for pH 9-12), and filter-sterilized. Cell morphology and dimensions were observed using a JEM-1400 transmission electron microscope after 72 h of incubation at 20 8C (Fig. S1 , available in the online Supplementary Material). Anaerobic growth was assessed by incubating strain MDT1-10-3 T in an anaerobic jar with Oxoid's Atmosphere Generation System. Oxidase activity was tested using an oxidase reagent (bioMérieux) and catalase activity was tested by adding 3 % (v/v) H 2 O 2 solution to the culture. The API 20E, 20 NE and ZYM systems (bioMérieux) were used for biochemical tests with incubation at 20 8C. Hydrolysis of casein was assessed as described by Smibert & Krieg (1994) . Hydrolyses of starch and lipase (Tween 80) were determined using R2A agar medium as the modified basal medium (Gordon et al., 1974) . The tests of sole carbon source utilization were performed by using the Biolog GEN III Microstation system at 20 8C. Physiological and biochemical characteristics of strain MDT1-10-3 T are given in the species description and the characteristics that differentiate strain MDT1-10-3
T from the reference strains are given in Table 1 .
Genomic DNA of strain MDT1-10-3 T was extracted using the Genomic DNA Rapid Isolation kit for bacterial cells (BioDevTech) following the manufacturer's instructions. The 16S rRNA gene was amplified and sequenced using the universal primers 27F and 1492R (Lane, 1991) . The 16S rRNA gene sequence of strain MDT1-10-3 T was analysed using the EzTaxon server (http://eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . The CLUSTAL W program (Thompson et al., 1994) was used to perform a multiple sequence alignment of the novel sequence and closely related sequences. Phylogenetic trees were reconstructed according to the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) algorithms, within MEGA version 5 (Tamura et al., 2011) . Genetic distances for the neighbour-joining analysis were calculated using Kimura's two-parameter method (Kimura, 1980) . The T92+G + I model was estimated as the best fitting model for the maximum-likelihood analysis (Tamura, 1992) . The tree topologies were evaluated using bootstrap analyses based on 1000 resamplings.
An almost-complete 16S rRNA gene sequence (1461 bp) of strain MDT1-10-3 T was determined. Strain MDT1-10-3 T shared highest 16S rRNA gene sequence similarity (96.7 %) with R. immobilis MCC P1 T , followed by Rufibacter roseus H359 T (95.9 %) and R. tibetensis 1351 T (95.8 %). Strain MDT1-10-3 T shared 95.2 % sequence similarity with Nibribacter koreensis GSR3061 T . Strain MDT1-10-3 T and the three most closely related species formed a robust cluster (90 % bootstrap support) in the neighbour-joining and maximum-likelihood phylogenetic trees (Figs 1 and S2 ). The result of phylogenetic analysis indicated that MDT1-10-3 T belonged to the genus Rufibacter and represented a distinct phyletic branch corresponding to a novel species.
Respiratory menaquinones were extracted according to the method of Komagata & Suzuki (1987) and detected by UV absorbance at 275 nm using HPLC. Arcticibacter pallidicorallinus CGMCC 1.9313
T was used as a reference, which contained MK-7 as the predominant respiratory menaquinone (Liu et al., 2014) . For cellular fatty acid composition analysis, strain MDT1-10-3 T was grown on R2A agar plates at 20 8C and the reference strains were grown on R2A agar plates at 30 8C. Cellular fatty acids were analysed using the standard MIDI 6.0 system (Sasser, 1990 ). An Agilent Technologies 6890N gas chromatograph and the database TSBA 6.0 were used for identification of the cellular fatty acids. Polar lipids were extracted and separated by two-dimensional TLC as described by Tindall et al. (2007) . The DNA G+C content was determined using the thermal denaturation (T m ) method with Escherichia coli K-12 as the reference strain (Marmur & Doty, 1962) .
The predominant respiratory menaquinone of strain MDT1-10-3 T was MK-7. The major cellular fatty acids ($5 %) were summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) (22.3 %), summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) (16.4 %), C 17 : 1 v6c (9.9 %), iso-C 16 : 0 (9.8 %), iso-C 15 : 0 (8.9 %) and C 16 : 1 v5c (7.7 %) ( Table 2 ). The polar lipids were phosphatidylethanolamine, two unidentified aminophospholipids, one glycolipid and four unidentified lipids (Fig. S3) . The DNA G+C content of strain MDT1-10-3 T was 49 mol%.
On the basis of the phenotypic and phylogenetic data, we conclude that strain MDT1-10-3 T represents a novel species of the genus Rufibacter, for which the name Rufibacter glacialis sp. nov. is proposed.
Description of Rufibacter glacialis sp. nov.
Rufibacter glacialis (gla.ci.a9lis. L. masc. adj. glacialis referring to the frozen environment from which the type strain was isolated).
Cells are Gram-stain-negative, aerobic, non-motile, rodshaped and 0.9-1.1|1.7-1.9 mm in size. Colonies are red, convex, round and 2.0 mm in diameter after 4 days of incubation on R2A plates at 20 uC. Optimal growth temperature range is 18-22 uC; growth occurs at 4 and 25 uC, but not at 30 uC. Growth occurs at pH 6.0-8.0 and on media containing 0-1.0 % (w/v) NaCl. Pontibacter saemangeumensis GCM0142 T (JN607163)
Pontibacter xinjiangensis 311-10 T (FJ004994)
Pontibacter yuliensis H9X T (KF146891)
Nibribacter koreensis GSR3061 T (JN607156)
Rufibacter glacialis MDT1-10-3 T (JX949546)
Rufibacter immobilis MCCP1 T (HG316123)
Rufibacter roseus H359 T (KM264303)
Rufibacter tibetensis 1351 T (EU543663)

Hymenobacter ocellatus Myx 2105 T (Y18835)
Hymenobacter arizonensis OR 362 T (JX294485)
Adhaeribacter terreus DNG6 T (EU682684)
Adhaeribacter aquaticus DSM 16391 T (AJ626894)
Adhaeribacter aerophilus 6424S-25 T (GQ421850)
Adhaeribacter aerolatus 6515J-31 T (GQ421846) T and related taxa based on 16S rRNA gene sequence comparisons using the neighbour-joining method (Saitou & Nei, 1987 
